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SINGLE PACKAGE CONTAINING MULTIPLE INTEGRATED CIRCUIT DEVICES 

Inventors: Joel Davenport 
Robert Parker 
Jeff E. Conder 

This application claims the benefit of U.S. Provisional Application No. 
60/304,038, filed on July 24, 2001 . 

BACKGROUND OF THE INVENTION 

The invention relates generally to semiconductor integrated circuit (IC) packages 
and more particularly, it relates to an improved ball grid array (BGA) package which 
contains multiple IC devices electrically isolated from each other. 

Conventionally, IC devices are mounted on a PC board and electrical isolation of 
the IC devices is maintained on the board. In order to efficiently use spaces on the PC 
board, there are packages which contain multiple IC devices, commonly referred to as 
multi-chip modules (MCM's). These devices are connected to each other inside the 
package and share both the power and ground levels. Simple packages, which contain 
two IC devices and maintain them electrically isolated within a single package, are also 
used. The IC devices within such simple packages are limited to simple transceivers 
and DC to DC converters, and such packages are limited to DIP (dual in package), SOJ 
(small outline J lead), QFP (quad flat package) and high QFP. These simple packages 
are typically small in size and the number of pins for these packages varies from less 
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than 48 (for DIP and SOJ) to 144 (for high QFP) pins. They are ideal for simple IC 
devices. 

Attempts have been made to maintain electrical isolation of IC devices of 
complex designs within a single package. Such efforts, however, have not proved to 
5 be successful due to a number of factors including the difficulties associated with high 
pin density of complex IC devices. For example, a multi-layered BGA package typically 
includes 64 to 1000 pins on a 2 inch by 2 inch area. Also, there are obstacles 
associated with the spacing requirements between the internal IC devices to maintain a 

Li 

U. small package footprint. 

fj . 

if ; Therefore, there is a need for implementing electrical isolation of large scale IC 

p devices of complex designs within a single package. 

n 

iP SUMMARY OF THE INVENTION 

The present invention allows multiple IC devices to be placed on the same 
15 substrate within a single BGA package. The invention requires minimum distances to 
be kept between electrical connections of the IC devices to maintain the electrical 
isolation, so that the devices can be operated at different voltage differentials. Signals 
between the devices can be connected externally from the package to each other 
utilizing galvanic isolation techniques. 
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According to the invention, a ball grid array (BGA) package having a plurality of 
external connection contacts is provided. The package comprises a first device having 
a plurality of electrical connections connected to a first set of the external electrical 
connection contacts; and a second device having a plurality of electrical connections 
5 connected to a second set of the external connection contacts. The first and second 
sets of the external electrical connections are segregated in two sections which are 
electrically isolated from each other. The electrical isolation is maintained according to 
an ANSI/IPC-2221 standard maintained by American National Standards Institute 
(ANSI). 

|* 

sPf. 

ijj According to the invention, the package further comprises a plurality of layers, 

# including a signal layer, a power layer, a ground layer and a bottom layer. Each of the 

W 

layers includes two sets of electrical connections that are segregated in two sections 
£ which are electrically isolated from each other. The two sets of electrical connections 
ipl are respectively connected to the first and second devices. 

s 

I* 

15 The invention provides the flexibility of choice for the customers to use isolation 

or not between the devices and takes up less PC board space because only a single 
package is used on the board. 

Other objects and attainments together with a fuller understanding of the 
invention will become apparent and appreciated by referring to the following description 
20 and claims taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in further detail, and by way of example, with 
reference to the accompanying drawings wherein: 

FIG. 1A shows a layout of two IC devices inside a ball grid array package 
according to one embodiment of the invention; 

FIG. 1 B shows Table 6-1 of the ANSI/IPC-2221 standard; 

FIG. 2A shows a perspective view of the package; 

FIG. 2B shows a bottom view of the package; 

FIG. 3 shows a simplified cross-sectional view of the package; 

FIG. 4A shows a plan view of the signal layer inside the package; 

FIG. 4B shows a plan view of the ground layer inside the package; 

FIG. 4C shows a plan view of the power layer inside the package; and 

FIG. 4D shows a plan view of the bottom view of the package in detail. 

Throughout the drawings, the same reference numerals indicate similar or 
corresponding features or functions. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 A shows a layout of two IC devices 2 and 4 inside a ball grid array (BGA) 
package 10 according to one embodiment of the invention. These devices are placed 
on the same package substrate in package 10 and are electrically isolated from each 
other. In this exemplary layout, device 2 may be a L41 chip, which is a 1394a Link 
Layer Controller with copy protection and device 4 may be a P23 chip, which is 1394a 
Physical Layer Controller with two ports. Both L41 and P23 chips are available from 
Philips Semiconductors, Inc., Sunnyvale, California. 

According to the invention, each IC device should be placed on the package 
ij£ ' substrate in an orientation that allows segregation of the electrical connections of the 

0 IC devices placed at specific areas. For example, two IC devices would be placed in 

m. 

* two different sections as in FIG. 1 A; three IC devices would be placed in three different 
sections, etc. Furthermore, the electrical connections of the devices on the substrate 
n a™ maintained at the minimum physical distances (e.g., 0.5 mm) in accordance with 
15 Table 6-1 of the ANSI/IPC-2221 standard, as shown in FIG. 1B, to achieve desired 
electrical isolation between the two devices in the two segregated sections. ANSI/IPC- 
2221 standard is a generic standard on printed board design maintained by American 
National Standards Institute, which is hereby incorporated by reference. 

FIG. 2A shows a perspective view of package 10 having a plurality of solder 
20 balls, which are used for connecting to one another and to other external devices. FIG. 
2B shows a bottom view of package 10. As shown in FIG. 2B, there are two sets of 
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external electrical connection contacts 22 and 24 in the form of solder balls, associated 
with devices 2 and 4, respectively. Two spacing gaps 26 and 28 separate the two sets 
of external electrical connection contacts in two sections to maintain electrical isolation 
between devices 2 and 4. Spacing gaps 26 and 28 are created by removing the 
5 external electrical connection contacts in the pre-selected areas. Spacing gaps 26 and 
28 are also maintained at the minimum physical widths in accordance with Table 6-1 of 
the ANSI/IPC-2221 standard described above. 

FIG. 3 shows a simplified cross-sectional view of package 10. As illustrated in 

IN* FIG. 3, there are a plurality of layers including a signal layer 34, a dielectric layer 36, a 

© ■ 

l(fc ground layer 38, a dielectric layer 42, a power layer 44, a dielectric layer 46 and a 

% bottom layer 48, which are stacked on one another. Devices 2 and 4 are placed on 

w 

■p, signal layer 34. Dielectric layer 36 provides electrical isolation between signal layer 34 

3 

I 5 * and ground layer 38; dielectric layer 42 provides electrical isolation between ground 

W 

t layer 38 and power layer 44; and dielectric layer 46 provides electrical isolation 
1^1 between power layer 44 and bottom layer 48. 



FIG. 4A shows a plan view of signal layer 34 inside package 10. In FIG. 4A, two 
sets of electrical connection nodes and traces 52 and 54 are separated by spacing 
gaps 56 and 58 to maintain electrical isolation between the signal paths of devices 2 
and 4 in accordance with the ANSI/IPC standard mentioned above. Signals between 
20 devices 2 and 4 can be connected externally from the package to each other, utilizing 
galvanic isolation techniques. 
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FIG. 4B shows a plan view of ground layer 38 inside package 10. In FIG. 4B, 
two sets of electrical connection nodes and traces 62 and 64 are also separated by 
spacing gaps 66 and 68 to maintain electrical isolation between the ground paths of 
devices 2 and 4 in accordance with the ANSI/IPC standard mentioned above. This 
5 allows the two devices to have different ground reference levels. For example, the 
ground reference level for device 2 may be 0 V, while the ground reference level for 
device 4 may be +30 V. According to the invention, the difference between the ground 
reference levels of the two chips may be in the range of 0 to 300 V. 

I* FIG. 4C shows a plan view of power layer 44 inside package 10. As shown in 

im 

|3 FIG. 4C, electrical connection nodes and traces 72 and 74 are again separated by 

In J 

S spacing gaps 76 and 78 to maintain electrical isolation between the power paths of 

!! - 1 

p devices 2 and 4 in accordance with the ANSI/IPC standard mentioned above. This 
'I* similarly allows the two devices to have different power levels. For example, the power 
£ level for device 2 may be 3.3 V with respect to its associated ground reference level, 
U while the power level for device 4 may be 2.7 V with respect to its associated ground 
reference level. 

FIG. 4D shows a plan view of bottom layer 48 of package 10, which is similar as 
that shown in FIG. 2B, but with more details. As shown in FIG. 40, electrical 
connection nodes and traces 82 and 84 are similarly separated by spacing gaps 86 and 
20 88 to maintain electrical isolation between devices 2 and 4 in accordance with the 
ANSI/IPC standard mentioned above. 
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The invention provides the flexibility of choice for the customers to use isolation 
or not between the devices. The invention also takes up less PC board space because 
only one package is used on the board, rather than multiple packages. 

While the invention has been described in conjunction with specific 
5 embodiments, it is evident that many alternatives, modifications and variations will be 
apparent to those skilled in the art in light of the foregoing description. Accordingly, it 
is intended to embrace all such alternatives, modifications and variations as fall within 
the spirit and scope of the appended claims. 

§J ' 
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